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a b s t r a c t
We reported the results of minimally invasive spinal decompression (MISD) in patients with
degenerative spondylolisthesis (DS) associated with lumbar spinal stenosis (LSS) and per-
formed a literature review in order to evaluate the clinical and radiological outcomes, the
complications and reoperation rate of MISD procedures in these patients.
Data of 28 patients submitted to MISD for DS associated to LSS were reviewed. We
evaluated the Visual Analogue Scale (VAS) both for low back pain (LBP) and legs pain, the
Oswestry Disability Index (ODI) and the degree of the slippage. A PubMed search of the
English literature was conducted. Only papers with more than 10 patients and reporting
explicitly data of patients with DS were included in the analysis. We found a statistically
signiﬁcant improvement of LBP, legs pain and ODI in our series. The degree of slippage was
stable at follow-up (FU)with no need of reoperation. Nomajor complications occurred. In our
literature review, we were able to analyze the differences in ODI in 156 patients and the
differences in Japanese Orthopedic Association (JOA) score in 218 patients. We observed a
statistically signiﬁcant improvement of ODI and JOA score at FU compared to pre-operative.
The percentage of slippage, evaluated in 283 patients, was unchanged at FU compared to
pre-operative. The overall complication ratewas 1.6%. The overall reoperation ratewas 4.5%.
MISD procedures are safe and effective in patients with DS associated to LSS and are
associated to low morbidity and signiﬁcant improvement of disability without progression
of slippage.
© 2018 Polish Neurological Society. Published by Elsevier Sp. z o.o. All rights reserved.* Corresponding author at: Institute of Neurosurgery, Catholic University, Largo Agostino Gemelli, 8, 00168 Rome, Italy.
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spinal stenosis (LSS) is a common pathology which can cause
progressive neurogenic claudication, radicular pain, and legs
weakness. Usually when there is evidence of a failure of the
conservative management, surgery is indicated [1–4]. The
most widely used approach is open lumbar decompression
with spinal fusion [5]. This technique has been demonstrated
to signiﬁcantly improve clinical outcome in patients with DS
[6–10]. Nonetheless, spinal fusion has been associated with
some complications such as fracture of the vertebral body and
the pedicle [11–19], pedicle screw loosening and adjacent
segment degeneration [20], requiring secondary spine surgery
for lumbar adjacent instability [21]. In the last few years
minimally invasive spinal decompression (MISD) procedures
have been described [22–27] to overcome the problems, such as
iatrogenic instability [28], associated with laminectomy. It has
been reported that these techniques are as efﬁcacious as
laminectomy in terms of good clinical results in non-
spondylolisthetic patients [22–27,29–31] with the advantage
of a shorter hospital stay and a less postoperative pain
compared to laminectomy [29–31]. These procedures seem to
be associated to lower incidence of iatrogenic instability [26].
However, only few papers investigating the role of MISD
procedures in patients with DS associated to LSS have been
reported [16,32–41]. The aim of this study was to report the
clinical and radiological outcomes of minimally invasive
decompression (obtained by mean of a microsurgical ap-
proach) in patients with DS associated to LSS. We also
performed a literature review of the pertinent papers in order
to evaluate the clinical and radiological outcome, the
complications and reoperation rate of MISD procedures in
these patients.Table 1 – Clinical and outcome data of 28 patients
submitted to minimally invasive decompression for
spondylolisthesis associated to lumbar spinal stenosis,
from July 2013 and July 2016.
Patients 28
Sex (M/F) 13/15
Mean age (years) [184_TD$DIFF]67.32  13.01
Level
L3/L4 7
L4/L5 19
L5/S1 2
Low back pain VAS
Pre-operative [185_TD$DIFF]6.53  2.45
Post-operative [186_TD$DIFF]3.85  2.12
At follow-up [187_TD$DIFF]2.46  2.18
Legs pain VAS
Pre-operative [188_TD$DIFF]7.67  1.41
Post-operative [189_TD$DIFF]4.28  2.27
At follow-up [190_TD$DIFF]2.60  2.49
Oswestry Disability Index (%)
Pre-operative [191_TD$DIFF]62.39  14.12
At follow-up [192_TD$DIFF] 9.92  17.38
Degree of slippage (%)
Pre-operative [193_TD$DIFF] 3.25  4.61
At follow-up [194_TD$DIFF] 3.68  4.59
Mean follow-up (months) [195_TD$DIFF] 7.78  9.502. Materials and methods
2.1. Patients
We retrospectively reviewed clinical and outcome data of 28
consecutive patients (13 M, 15 F) submitted to minimally
invasive decompression for the treatment of DS associated to
LSS, from July 2013 to July 2016. All patients provided written
informed consent according to the research proposals ap-
proved by the local ethical committee. The mean age was [184_TD$DIFF]
67.32  13.01 years. The mean follow-up (FU) was [195_TD$DIFF] 7.78  9.50
months (range 6–39 months). All patients had no previous
lumbar spine operation and complained of lumbar/legs pain
and/or neurogenic claudication unresponsive to conservative
(physical and medical) treatment for at least 1 year, with a
magnetic resonance imaging (MRI), showing aDS associated to
LSS. Patients were submitted pre-operatively and at FU to
lumbar spineMRI and X-ray (anterior–posterior, lateral neutral
and lateral ﬂexion/extension projections). Patients with
multilevel LSS were excluded from this study. The changes
about pain were assessed using the Visual Analogue Scale
(VAS) both for low back pain (LBP) and legs pain pre-
operatively, one day post-operatively and at latest FU foreach patient. The Oswestry Disability Index (ODI) was used to
evaluate the degree of disability of these patients pre-
operatively and at latest FU for each patient. The degree of
the slippage was evaluated pre-operatively and at FU as
previously reported [41]. Statistical comparison of continuous
variables and ordinal variableswas performed by the t-Student
test and by Wilcoxon signed rank test, as appropriate.
2.2. Surgical technique
Under general anesthesia and in prone position, the correct
level of surgery was conﬁrmed using intraoperative imaging.
A midline skin incision was made to expose the fascia. Fascia
was incised bilaterally with the supra and interspinous
ligaments and the spinous processes preserved. The para-
spinousmuscleswere stripped on both sides from the laminae
and the capsules of the facet joints. Under microscopic view, a
little rim of bone from the caudal aspect of the cranial lamina
and the cranial aspect of the caudal lamina was removed,
thereby creating a larger interlaminar space. The ligamentum
ﬂavum was removed bilaterally, and the spinal recess sub-
sequently was opened bilaterally by undercutting minimal
portions of themedial facet joints. At the end of the procedure,
the dural sac and the nerve root were decompressed
bilaterally.
2.3. Literature search
A PubMed search of the literature was conducted using
combinations of the following terms: ‘‘spondylolisthesis’’
AND ‘‘unilateral approach for bilateral decompression’’ OR
‘‘ULBD’’ OR ‘‘muscle-preserving’’ OR ‘‘MILD’’ OR ‘‘interlaminar
decompression’’. Studies until January 2017 were revised. The
majority of them were series of LSS including also patients
with DS. We included in our review: only articles in English,
[(Fig._1)TD$FIG]
Fig. 1 – (A) Bar graph. Pre-operative, post-operative and follow-up (FU) low back pain VAS of 28 DS patients submitted to MISD
showing the statistically significant improvement of VAS at latest FU. (B) Pre-operative, post-operative and FU legs pain VAS
showing the statistically significant improvement of VAS at latest FU. (C) Pre-operative and FU ODI showing the statistically
significant improvement of ODI at latest FU. Error bars indicate deviation standard.
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[(Fig._2)TD$FIG]
Fig. 2 – Pre-operative T2-weighted (A) sagittal and axial (C) spinal lumbar MRI of a 56-year-old man with a L4–L5 stenosis and
spondylolisthesis. The patient was submitted to minimally invasive decompression at this level. One year FU T2-weighted
sagittal (B) and axial (D) spinal lumbar MRI showing the optimal decompression of dural sac and nerve roots with no change
of the degree of spondylolisthesis.
n e u r o l o g i a i n e u r o ch i r u r g i a p o l s k a 5 2 ( 2 0 1 8 ) 4 4 8 – 4 5 8 451only papers reporting explicitly data of patients with DS
submitted to a MISD and only series with more than 10
patients. We also checked the references of each article
looking for further articles to be included. Thus, we were able
to evaluate 12 articles in this literature review.3. Results
3.1. Results in the present series
Clinical and outcome data of patients are summarized in
Table 1. Although in the post-operative the pain evaluation
could be affected by pain medications, we globally found a
statistically signiﬁcant improvement of post-operative and at
FU LBP compared to pre-operative (VAS; pre-operative [210_TD$DIFF]
6.53  2.45, post-operative [211_TD$DIFF]3.85  2.12, at FU 2.46  2.18;
p < 0.0001 and p < 0.0001, respectively, Fig. 1A). Post-opera-
tive and at FU legs pain was also signiﬁcantly improved
compared to pre-operative (VAS; pre-operative [212_TD$DIFF]7.67  1.41,
post-operative [213_TD$DIFF]4.28  2.27, at FU 2.60  2.49; p < 0.0001 and
p < 0.0001, respectively, Fig. 1B). Considering the degree ofdisability, we observed a statistically signiﬁcant improve-
ment of at FU ODI compared to pre-operative (%; pre-
operative [214_TD$DIFF]62.39  14.12, at FU 19.92  17.38; p < 0.0001,
Fig. 1C). 7 patients out of 28 had a DS in L3/L4, 19 in L4/L5
and 2 in L5/S1. The degree of slippage at FU was unchanged
compared to pre-operative (%; pre-operative [215_TD$DIFF] 3.25  4.61, at
FU 13.68  4.59; p = 0.28). The mean operation length was [216_TD$DIFF]
69.10  12.84 min. During the operation one patient had an
incidental durotomy which was repaired with no conse-
quences. No cerebrospinal ﬂuid (CSF) collections were
recorded post-operatively and at FU. No wound infection
occurred. At latest FU, no reoperation was needed. Two
explicative cases are reported in Figs. 2 and 3 [217_TD$DIFF].
3.2. Results from the literature review
Among the articles selected for the literature review, 10 papers
reported [16,32–34,36–40,42] the results of a MISD technique in
patients with DS (mean FU [218_TD$DIFF]46.00  26.50 months; Table 2) and
2 were comparative works [35,41] between a MISD technique
and a decompressionwith fusion in patientswithDS (mean FU
[219_TD$DIFF]60.10  17.50 months; Table 3). All but the study of Musluman
[(Fig._3)TD$FIG]
Fig. 3 – Pre-operative T2-weighted (A) sagittal medial cut, (C) sagittal lateral cut and (E) axial spinal lumbarMRI of a 69-year-old
woman with a L4–L5 stenosis and spondylolisthesis. The patient was submitted to minimally invasive decompression at
this level. One year FU T2-weighted (B) sagittal medial cut, (D) sagittal lateral cut and (F) axial spinal lumbar MRI showing the
optimal decompression of dural sac and nerve roots with no change of the degree of spondylolisthesis.
n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 2 ( 2 0 1 8 ) 4 4 8 – 4 5 8452et al. [39]were retrospective papers. 89.55%of cases reported in
the literature were operated at one level.
3.2.1. Non-comparative surgical series (Tables 2 and 4)
Wewere able to analyze the differences in ODI in 156 patients
and in JOA score in 218 patients (Table 2). We observed astatistically signiﬁcant improvement of ODI at FU compared
with pre-operative (%; pre-operative [220_TD$DIFF]41.82  19.34, at FU
18.72  8.72; p = 0.022; mean FU 33.07  18.10 months) as
well as a statistically signiﬁcant improvement of JOA score at
FU comparedwithpre-operative (pre-operative [221_TD$DIFF] 3.82  0.62, at
FU 23.52  1.49; p < 0.0001; mean FU 58.25  25.37 months).
Table 2 – Papers reporting the results of a minimal invasive decompression technique in patients with spondylolisthesis.
Authors Technique No cases ODI (%)/JOA
pre-operative
ODI (%)/JOA
at FU
VAS LBP
pre-operative
VAS leg pain
pre-operative
VAS LBP
at FU
VAS leg pain
at FU
Slippage
pre-operative (%)
Slippage
at FU (%)
Mean FU
(mos)
Caralopoulos et al. [32] ULBD 28 [196_TD$DIFF]57.00  4.20 26.00  8.80 8.60  0.83a 2.30  1.10a NR NR 12
Dohzono et al. [33] ULBD 23 12.90  3.40b[197_TD$DIFF] 23.60b NR NR NR NR 10.50  4.60 11.90  5.20 37.7
Ikuta et al. [34] Endoscopic ULBD 29 14.80  3.50b[198_TD$DIFF] 25.00  2.80b 7.10  1.50 7.90  1.40 1.70 1.50 6.80  1.80c[199_TD$DIFF] 7.70  2.10c 36.7
11 13.50  3.80b[200_TD$DIFF] 20.40  3.20b 6.70  1.30 7.30  1.80 5.40 1.60 6.10  2.00c 7.10  1.50c 39.4
Ikuta et al. [16] endoscopic ULBD 37 14.10  4.10b[201_TD$DIFF] 23.50  3.90b 7.30  0.90a 3.00  2.10a 14.10  5.60 15.70  6.50 38
Jang et al. [36] ULBD 21 59.52  9.00 26.19  12.42 NR NR NR NR 13.65  4.81 15.87  5.64 49.3
Jasper et al. [37] TEDF 21 NR NR 8.48a [202_TD$DIFF] 2.30a NR NR 12
Mori et al. [38] Endoscopic MIS 51 14.30b 23.60b NR NR NR NR 14.60 17.50 88
Müslüman et al. [39] ULBD 84 29.76  5.48 13.69  3.38 43.10  12.40 NR 26.80  9.50 NR 22.05  2.78 22.26  2.90 24
Nakanishi et al. [40] BL 44 [204_TD$DIFF]13.60  3.80b[203_TD$DIFF] 24.70  3.60b 1.50  0.60d 0.90  0.30d 2.40  0.70d 2.30  0.70d 15.00  5.10 18.50  6.10 84
ULBD 23 13.60  3.00b[205_TD$DIFF] 23.90  4.30b 1.50  0.70d 0.90  0.60d 2.20  0.70d 2.20  0.80d 14.80  4.90 16.20  5.70 84
Sasai et al. [42] ULBD 23 21.00 9.00 2.20 NR 4.20 NR NR NR 47
ODI Oswestry Disability Index; JOA, Japanese orthopaedic score; FU, follow-up; VAS, Visual Analogic Scale; LBP, low back pain; mos, months; ULBD, unilateral approach for bilateral decompression; BL,
bilateral laminotomy; TEDF, transforaminal endoscopic discectomy and foraminotomy.
Ikuta et al. [34] divided the population into 2 groups, based on LBP response.
Nakanishi et al. [39] divided the population into 2 groups, based on the used approach.
Mori et al. [41] performed endoscopic MILD in 11 patients and endoscopic ULBD in 40 patients.
a Value for both LBP and leg pain.
b JOA score.
c Value expressed in millimeters.
d Pain item of JOA score.
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n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 2 ( 2 0 1 8 ) 4 4 8 – 4 5 8454The percentage of slippage (evaluated in 283 patients,meanFU
[222_TD$DIFF]57.85  26.75 months; Table 2) was substantially unchanged
between the pre-operative (%; [223_TD$DIFF][183_TD$DIFF] 4.95  3.48) and FU (%;
16.84  3.15). Although the low back pain and legs pain were
statistically signiﬁcantly improved in all series, we could not
make a pooled analysis due to different scales utilized in the
different papers (Table 2). The complication ratewas evaluated
in 300 patients (Table 4). The overall complication rate was
1.6% (5/300 cases). Taking into account also patientswith dural
tear but without CSF leak the complication rate was 4% (12/300
cases). The overall reoperation rate (Table 4) was 4.5% (16/355
cases).
3.2.2. Comparative surgical series (Tables 3 and 5)
There were two comparative papers between a MISD tech-
nique and a decompression with fusion in patients with DS.
Although a pooled analysis was not possible, a signiﬁcant
improvement of all evaluated scores was reported both for
patients submitted to a MISD procedure and patients submit-
ted to decompression and fusion (see Table 3). The overall
complication rate (Table 5) was 5% (4/80 cases) for MISD and
8.5% (9/105 cases) for decompression and fusion. The overall
reoperation rate (Table 5) was 5% (4/80 cases) for MISD and
5.7% (6/105 cases) for decompression and fusion.
4. DiscussionIn this study,we reported the clinical and radiological outcome
in patients with DS and LSS submitted to a MISD procedure.
Moreover, we performed a literature review of the pertinent
papers in order to carefully analyze the clinical and radiologi-
cal outcomes, the complications and reoperation rate of MISD
procedures in these patients. Although various papers
reporting the results of MISD procedures in LSS patients have
been previously published [22–27], only few works were
focused on patients with DS [16,32–41].
In our series, we observed a statistically signiﬁcant
improvement of LBP and legs pain at FU. This ﬁnding was
strongly conﬁrmed by the literature review. More speciﬁcally,
four papers evaluated separately LBP and legs pain
[34,35,40,41]. Although pain was analyzed with various scales
in the different papers, a statistically signiﬁcant improvement
of LBP and legs pain was reported in all works. Notably this
improvement was comparable to the one obtained in patients
with decompression and fusion [35,41]. We also observed, in
our patients, a statistically signiﬁcant improvement of the
degree of disability (evaluated by the ODI score) at FU
compared to the pre-operative one. Also this datawas strongly
conﬁrmed in our literature review. In fact, regardless of the
utilized scale (ODI score or JOA score; see Tables 2 and 3) the
pooled analysis showed a signiﬁcant improvement of the
degree of disability at FU compared to the pre-operative which
was similar to how reported in patients submitted to
decompression and fusion [35,41]. Moreover, our results and
the literature data evidenced that the percentage of slippage
was substantially unchanged between the pre-operative and
FU. Although no information has been reported in the
considered studies about the sagittal balance which could
affect the outcome of these patients, this data is of particular
Table 4 – Complications and reoperations.
Author and year Technique No cases Complication Dural tear without CSF leak Reoperation
Caralopoulos et al. [32] ULBD 28 0 1 0
Dohzono et al. [33] ULBD 23 0 1 1
Ikuta et al. [34] Endoscopic ULBD 29 1 0 NR
11
Ikuta et al. [16] Endoscopic ULBD 37 2 0 2
Jang et al. [36] ULBD 21 0 0 1
Jasper et al. [37] TEDF 21 NR NR 3
Mori et al. [38] Endoscopic MIS* 51 NR NR 7
Müslüman et al. [39] ULBD 84 1 4 1
Nakanishi et al. [40] BL 44 1 1 1
ULBD 23
Sasai et al. [42] ULBD 23 NR NR 0
CSF, cerebrospinal ﬂuid; ULBD, unilateral approach for bilateral decompression; TEDF, transforaminal endoscopic discectomy and
foraminotomy; NR, non-reported; BL, bilateral laminotomy.
These authors [34] divided the population into 2 groups, based on LBP response.
These authors [41] performed endoscopic MILD in 11 patients and endoscopic ULBD in 40 patient.
These authors [39] divided the population into 2 groups, based on the used approach.
Table 5 – Complications and reoperations in comparative papers.
Author and year Technique No cases Complication Reoperation
Park et al. [41] ULBD 20 1 1
PLIF with PS 25 6 0
Inui et al. [35] ULBD/BCD 60 3 3
PLIF with PS 80 9 6
ULBD, unilateral approach for bilateral decompression; PLIF, posterior lumbar interbody fusion; PS, pedicle screws; BCD, bilateral approach for
contralateral decompression.
n e u r o l o g i a i n e u r o ch i r u r g i a p o l s k a 5 2 ( 2 0 1 8 ) 4 4 8 – 4 5 8 455interest because it seems to conﬁrm the low incidence of
iatrogenic instability associated with a MISD procedure also in
DS patients like previously reported in LSS non-spondylolis-
thetic patients [22–27]. These data rise concerns about the
utility of performing a fusion in these patients. It has
previously reported that patients with DS may not report
ongoing back pain, suggesting that this disorder is unrelated to
long-term back pain and physical disability [43]. Moreover, it
has recently been evidenced that the decrease of slippage after
fusionwas not associated to better clinical outcome compared
to patients submitted to a MISD procedure [35]. Thus, the
recommendation to augment decompression with a fusion
procedure in LSS with DS, mainly based on a comparison with
laminectomy papers [5,6,9,10] and the relative preservation of
spinal stability with MISD procedure may justify the question
on the utility of fuse these patients. Two comparative papers
tried to address this question [44,45]. Ulrich et al. [45], in a
retrospective multicenter study compared decompression
alone surgery (standard open or microscopic posterior lumbar
decompression) and fusion surgery in patients with LSS and
DS,ﬁnding that fusion surgerywasnot associatedwith a better
clinical outcome. Foürsth et al. [44], in a randomized controlled
trial, compared decompression alone surgery (laminectomy or
bilateral laminotomies) with fusion surgery in patients with
LSS (57.9% of patients had also a DS). They found no
differences in clinical outcome between the two techniques
at 5 years FU.
Recently a systematic review [46] and a meta-analysis [47]
have been published with the aim of comparing the outcomeof decompression alone (both open laminectomy or MISD
techniques included in these two studies) and decompression
and fusion in patientswith DS. In the study of Dijkerman et al.,
in which eleven papers were analyzed, the authors found not
enough evidence that adding instrumented fusion to a
decompression leads to superior outcomes compared to
decompression only in patients with LSS and DS. In fact, the
most important clinical outcomemeasures, including the ODI,
show comparable results [46]. In the study of Chen et al.,
including four randomized controlled trials and fourteen
nonrandomized controlled studies, these authors found no
signiﬁcant differences in ODI and all quality of life scores
between the two treatment groups [47].
Another factor that should be consideredwhen approaching
thesepatients is the complication rate related to these different
techniques (MISD and fusion surgery). In our MISD series of DS
patientswehad no serious complications (only one patient had
an incidental durotomy which was repaired with no con-
sequences). Moreover, although to our knowledge, no prospec-
tive randomized studies comparing MISD and spinal fusion in
DS patients have previously been reported in the literature, our
literature review has showed an overall complication rate for
MISD procedures of 1.6% (4% taking into account also patients
with dural tear but without CSF leak), while the recent meta-
analysis of Chen et al. reported that the total complication rate
of included studies was 15.3% in the decompression group and
17.0% in the decompression and fusion group [47]. The higher
complication rate in decompression group reported in that
meta-analysis (15.3%) comparedwith the lower one observed in
n e u r o l o g i a i n e u r o c h i r u r g i a p o l s k a 5 2 ( 2 0 1 8 ) 4 4 8 – 4 5 8456our literature review (4%) could be explained by the fact that in
the study of Chen et al., also patients submitted to open
laminectomy were included in the decompression group while
we considered only less invasiveMISD procedures in our study.
Moreover, the overall reoperation rate (main reasons for
reoperation in MISD procedures were: restenosis, stenosis or
disc herniation at another level, instability, scoliosis, infection)
in our analysis ranged from 4.5% (pooled data from non-
comparative surgical series, see Table 4) to 5% (pooled data
from comparative surgical series, see Table 5) while recent
papers showed an overall reoperation rate for lumbar fusion in
DS patients of about 14% [6,48]. Nonetheless, some limits of
MISD procedures have previously been reported in the
literature. The difﬁculty of manipulating instruments through
a small portal [25,49], the inadequate decompression due to the
minimal exposure [50,51] and increased operation time due to
the learning curve [52] have been described as the main
shortcomings of these minimally invasive approaches.
5. ConclusionsOur study has some limitations such as the small number of
patients in our series and the heterogeneous data in the
literature review. Obviously further randomized controlled
trials are needed to better deﬁne the role of MISD procedures,
open fusion or percutaneous pedicle screw ﬁxation in patients
with DS associated to LSS [53]. Nonetheless MISD procedures
seem safe and effective in patients with DS associated to LSS.
MISD procedures seem associated with signiﬁcant improve-
ment of the degree of disability without progression of
slippage and low morbidity at FU in these patients.
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